ABSTRACT As a member of the suppressor of cytokine signaling (SOCS) family, the SOCS2 gene has been associated with negative regulation of the inflammatory immune response and a positive effect on growth when it is overexpressed. In our previous study, using next-generation sequencing, it was found that the Luxi Game (LX, a Chinese indigenous gamecock) had an increased copy number (CN) of the SOCS2 gene. To verify the copy number increase of the SOCS2 gene in gamecocks, we quantified the copy number value in 8 chicken breeds by quantitative PCR. The results showed that the average CN values of the SOCS2 gene were highly variable among the 8 breeds, and the highest was found in LX (CN = 5.0), almost 3.5 folds as many as the lowest in Rhode Island Red (CN = 1.43). All 4 gamecock breeds possessed significantly higher CN values than others, including broilers and commercial breeds. Thus, it is suggested that most Chinese gamecocks possess an increased copy number in the SOCS2 gene, indicating the plausible functions of the SOCS2 gene in inflammation control and increased body size.
INTRODUCTION
Domestic chickens have been dated archaeologically in mainland China as far back as 6000 B.C. (West and Zhou, 1989) and can generally be divided into 3 categories according to their utility for humans, namely, entertainment, ornamental, and consumption. Historically, the gamecock breeds (called Douji) have been used specifically for cockfighting for over 2,500 years in China and dispersed to distinct geographical areas. Though the gamecock breeds have a broad geographic distribution, they share similar traits, such as a highly aggressive disposition, long, strong legs, and muscular and robust bodies. It is thus easily conceivable that Chinese gamecocks may share common genetic variations, including copy number variation (CNV). CNV is defined as a variable copy number of repeats within or among individuals (Feuk et al., 2006) and can generally contribute to phenotypic diversity, organismal plasticity, and evolutionary adaption in humans and animals (Mccarroll and Altshuler, 2007; Zhang et al., 2009; Yalcin et al., 2011) . After performing the CNV detection in 12 different breeds, we discovered the increased copy number (CN) of the SOCS2 gene in Luxi Game (LX), an indigenous gamecock, while other chickens possessed the normal 2 copies C 2016 Poultry Science Association Inc. Received July 7, 2016. Accepted September 27, 2016. 1 Corresponding author: nyang@cau.edu.cn (Yi et al., 2014) . The SOCS2 gene is a member of the suppressor of cytokine signaling (SOCS) family, a group of related proteins implicated in the negative regulation of cytokine action (Greenhalgh and Hilton, 2001; Fujimoto and Naka, 2003) , and the SOCS2 gene exerts pleiotropic effects on growth, immune response, and metabolism.
The present study was designed to investigate genomic copy numbers of the SOCS2 gene in diverse chicken breeds and to determine if other Chinese gamecock breeds carry the increased copy number at this locus.
MATERIALS AND METHODS

Sample Collection
We selected 8 different chicken breeds; 4 of them were gamecocks, namely, Luxi Game (LX, n = 56), Zhangzhou Game (ZZ, n = 37), Tulufan Game (TLF, n = 25), and Henan Game (HN, n = 15), and 4 were commercial breeds, namely, sire line in Cobb500 (CM, n = 65), dam line in Cobb500 (CF, n = 64), White Leghorn (WL, n = 54), and Rhode Island Red (RIR, n = 61). All blood samples were collected in 0.5 M EDTA and stored at -20
• C until further DNA isolation. The DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) was applied in isolating DNA. We quantified the concentration and quality of the DNA samples by NanoDrop (NanoDrop Technologies, Wilmington, DE) and 1% agarose gel electrophoresis, respectively.
Real-time Quantitative PCR (RT-qPCR)
Reported in our previous study (Yi et al., 2014), a 11.5 kb CNV region (chr1:44,764,201 -44,775 ,700 on galGal4 assembly) including the SOCS2 gene was detected by CNVnator with next-generation sequence data. To amplify the targeted SOCS2, quantitative PCR primers were designed using Primer 5.0 software (Table S1 ) and their specificity and sensitivity were assessed by the UCSC In-Silico PCR tool (https://genome.ucsc.edu/). Furthermore, the primers were validated using 8-point standard curve analyses in duplicate.
The qPCR assays were conducted on the ABI Prism 7500 sequence detection system (Applied Biosystems group) using SYBR green chemistry in triplicate reactions. Each reaction volume was 15 μL, which included 1.0 μL DNA, 0.3 μL gene-specific primer, 6.2 μL double-distilled water, 7.5 μL PCR mix (Power SYBR Green PCR Master Mix; Applied Biosystems). The whole amplification program contained one cycle of preincubation at 50
• C for 2 min and 95
• C for 10 min, and 40 cycles of amplification at 95
• C for 15 s and 60
• C for one minute.
The cycle threshold (Ct) value was first expressed as an average of the triplicate and then converted into a comparative copy number using the formula2
. To be precise, the target gene was first normalized with the control gene, the PCCA gene that always had 2 copies stably, and then was compared with the reference sample, the WL that was predicted with normal copy numbers.
Statistical Analysis
All data were analyzed using the GLM procedure of SAS v9.2 software. Differences among breeds were determined using Duncan's multiple comparison test. Pvalue < 0.05 was considered significant.
RESULTS AND DISCUSSION
The result for copy number polymorphism in SOCS2 locus is presented in Table 1 . The normalized CN values ranged from 1.43 in RIR to 5.05 in LX, respectively. A CN value between 1.4 and 2.5 was defined as normal status, while a CN value above 2.5 was considered to indicate a gain in copy number (Redon et al., 2006) . In this case, chickens in the experiment could be divided into 2 groups; the first group was comprised of all 4 gamecocks (LX, ZZ, TLF, and HN), carrying an increased copy number for this locus, and the other group contained 4 commercial breeds (CF, CM, WL, and RIR), with an average of 2 copies. The difference between the 2 groups was significant and is illustrated in Figure 1 .
Chinese gamecocks own increased duplication in SOCS2 locus. SOCS2 gene functional studies indicate 2 relevant explanations for the increased copy number of this locus in gamecock breeds. In mammals, the SOCS2 gene is involved in the immune response and is known to affect body weight. SOCS2 can effectively control inflammation and limit damage to the host during infection and after injury. Overexpression of SOCS2 in mice models of either diabetic nephropathy or traumatic brain injury decreased the expression of inflammatory cytokines and suppressed the JAK/STAT signaling pathway resulting in an anti-inflammatory environment (Zhou et al., 2014; Bao et al., 2015; Basrai et al., 2016) . Consistent with these results, SOCS2 deficient mice and human dendritic cells were observed to have a hyper-response to stimuli and elevated mortality (Machado et al., 2006; Posselt et al., 2011; Aparecida Silva Barbosa et al., 2016; Brant et al., 2016) . Gamecocks have been subjected to an environment in which injury is commonplace and suppression of the inflammatory response by increasing the copy number of the SOCS2 gene may have had some benefit. Overexpression of SOCS2 is also known to have a positive effect on body weight. Low expression of SOCS2 negatively regulates activated growth hormone receptor (GHR) complexes in mammals, but increasing the expression of the SOCS2 gene is associated with the restoration of GHR activity (Favre et al., 1999; Lavens et al., 2006; Yang et al., 2012) . Transgenic male mice that overexpressed SOCS2 were 13 to 15% heavier than normal controls (Greenhalgh et al., 2002) . One issue is that growth hormone has not been found to have the same effect on avian growth as it has in mammals (Harvey, 2013) . Further work is required to determine what the increased copy number of the SOCS2 gene may be doing in these gamecock breeds.
The copy number variation among breeds was found to be significant (P < 0. 01) using Duncan's multiple comparison test, while the coefficient of variation (CV) within breeds ranged from 26.48 to 49.39% (Table 1) . The data are consistent with the interpretation that a range of copy numbers of the SOCS2 gene exists within and among the breeds in this study. The results are consistent with Han et al. (2014) in which they identified one to 5 copies of the SOCS2 gene in the French Houdan and Chinese Xichuan breeds of chicken, and confirms the copy number variation detected in the Luxi Gamecock breed (Yi et al., 2014) while identifying 3 more Chinese gamecock breeds with increased copy number variation.
In summary, this study confirms that copy number of the SOCS2 gene is variable among different breeds of chickens, and Chinese gamecocks possess significantly higher copy numbers on average than commercial broiler, White Leghorn, and Rhode Island Red chickens sampled. From what is known about the function of the SOCS2 gene and the phenotype and lifestyle of Chinese gamecocks, an increased copy number may contribute to control inflammation, which is triggered by the stress and injury in fights, and may contribute to increased body size. However, elucidation of the functional consequences of the increased copy number of the SOCS2 gene requires further investigation. Table S1 . Primer information for amplification. Supplementary data are available at PSA online.
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